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Thermoinactivation  of  Viruses:  Report  V.  Thermoinactivation  and 

thermos tabilizing  agents  as  a  factor  determining  the  level  of  VEE 

virus  production  in  cell  cultures. 

A. 5.  Novokhatsky,  S.S.  Girgorian,  F.I.  Ershov 

The  general  productivity  of  cells  in  mediums  of  different  compositions 
was  studied  on  the  model  of  Venezuelan  equine  encephalomyelitis  virus 
(VEE)  and  trypsinized  chick1  embryo  cells.  Medium  199  with  2/  bovine 
serum  provided  long-term  and  active  virus  production,  the  total  yield 
of  virus  particleb  per  one  cell  exceeding  1(T  PFU.  In  minimal  essential  *  .. 

medium  (Earle's  solution  with  0,22/  sodium  bicarbonate)  the  total  virus 
yield  was  morb1  than  10  times  lower  despite  the  virus  amplification  to 
comparatively  High  titWrs.  The  most  effective  agents  providing  for  ade¬ 
quate  thermOStdbTlizatiOn  of  VEE  virus  at  37  degrees  (C)  cere'  found  to 
be  2%  bovine  s  A  Wur,  0,1/  lact&lbumin  hydrolysate  and  0,02/  crystalline 
bovine  albumin.' '  v“* 

,  T  .  '  i  i  | 

. *  V 

Therrabihactivation' of  virus  particles  at  a  temperature  of  cultivation 
is  one  of  thk  factors1  influencing  the  level  of  virus  production  in  cell 
cultures.  did  research  using  the  virus  of  equine  Venezuelan  encephalo¬ 
myelitis  (VEE)  and  trypsinized  chick  embryo  cells  as  our  models,  on 
the  combined  influence  on  the  virus  harvest  of  therminactivation  and  the 
composition  of  storage  mediums  which  to  a  significant  degree  determine 
the  character  Of  the 'duration -and  intensity  of  the  process  of  heat 
loss  of  the  infectious ‘ activity  of  the  virus.  The  work  was  also  an  at¬ 
tempt  at  summarizing-  the  research  accumulated  in  the  process  of  w.  • 
thermoinactivAtion  Of v viruses^  on  the  thermostabilization  and  stimulating 
action  of  various  additives  to  the  feeding  medium,  in  which  basic  attention 
was  dexroted  to  the  high-molecular  biological  active  substances. 

Materials  and  Methods 

The  VEE  virus  and  trypsinized  chick  embryo  cells  were  used  as 
described  vabo,ve  (1,  !*),.,  v  Heating  jthp  virus  was,  done  according  to  the 
usual  me^thpds,  (7).  Ttye^jinfectiouq  activity  of  ,the  virus  was  determined 
by  the  method  of  platelets  under  agar  (5).  Addition  of  lactalbumin  hy¬ 
drolysate  was  done  frora$  calculate  of  the  dry  weight.  The  bovine 
serum  before  use  underwent  heating  for  30  minutes  at  56  degrees.  Magnesi¬ 
um  sulfate  was  used  in,  tjhe  form  of,  an  official  preparation  (25%)  likewise 
calcium  chloride  (10/) • 

Sterilization  of  1/  solution  of  carboxymeticellulose  was  produced)- with 
autoclave ring,  and  1/  Crystalline  bovine  alvumin  with  filtration  through  a 
millipore  filter.  . .  * 

*’|ll  I  l  H  t  Mint 

Results.'  Determiniiiff  'the*1  general  production  of  the  VEE  virus  in 
optimal 'Arid' 'minimal  medium.  The  determined  level  of  virus  production^  determination 
being  done  by  titration  by  platelets,  only  in  the  period  of  exponential 
growth  - in 'activity  corresponds  to  its  general  production.  Further,  as  a 
result  of  the  fact  that  the  existing  part  of  the  virus  population  becomes 
inactive  under  the  influence  of  incubation  temperatures,  determination  of 
the  general  production  demands  application  of  special  methods  of  research. 

It  was  established  earlier  that  for  production  of  the  VEE  virus  in  TKE 
cells,  medium  no.  199  with  2%  bovine  serum  (3  )  is  optimal.  The  minimal 
medium,  which  can  still  insure  production  of  a  sufficiently  high  harvest 
of  VEE  virus,  is  Earle's  solution  with  0,22/  of  sodium  bicarbonate. 
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In  these  accumulation  mediums  with  an  infection  multiplication  of 
5PFU/cell  and  a  cultivation  temperature  of  37  degrees,  determination 
was  made  of  the  speed  of  production  and  of  the  general  harvest  of  the 
VEE  virus  in  IKE  cells  according  to  the  Purifoy  et.  al.  method  (12). 

In  sketch  1  is  shown  a  calibration  diagram  of  the  inactivation  of  the 
VEE  virus  at  37  degrees  in  medium  Mo.  199  with  2%  bovine  serum  and  in 
Earle's  solution  with  22%  sodium  bicarbonate,  determined  as  a  result 
of  repeated  titration.  In  a  series  of  parallel  experiments  we  received, 
with  titration  by  platelets  under  agar,  curves  of  production  of  the 
infectious  VEE  virus,  in  TKE  cells.  The  production  speed  is  calculated 
by  the  formula: 

R(t)=,2,3  G(t)  (g*(t)  -  a\,  where  R(t)  is  the  production 
speed  of  the  virus  in  a  given  moment  of  time  (t);  G(t)  is  the  activity 
of  the  virus  (in  PFU/rlL),  defined  on  the  graph  of  production  of  platelet 
forming  activity  of  the  virus;  a  is  the  fall  in  virus  activity  (in  lg 
PFU/ml)  for  a  unit  of  time  determined  on  the  graph  of  thermoinactivation 
of  virus  infection. 

On  the  basis  of  determination  of  the  production  speed  of  the  VEE 
virus  VEE  |R(t )j  in  various  moments  of  time, the  general  production  of  the 
virus  was  calculated.  Curves  of  the  changes  in  the  production  speed  of 
the  virus  and  the  general  production  of  the  virus  in  medium  No.  199 
with  2%  bovine  serum  and  in  Earle's  solution  with  0,22%  sodium  bicarbonate 
are  shown  in  sketch  2,  a,  b. 

In  comparison  with  the  reproduction  cycle  in  medium  No.  199  with 
2%  bovine  serum,  in  the  Earle's  medium  with  salt,  the  growth  of  the 
production  speed  of  the  virus  slowed,  and  after  21*  hours  the  production 
speed  fell  quickly.  In  the  optimal  medium  of  accumulation,  the 
virus  production  lasted  sufficiently  long,  with  a  comparatively  high 
speed.  As  a  result  of  this,  the  general  harvest  of  virus  in  medium 
No.  199  with  2%  bovine  serum  (10,3  lg  PFU/ml)  was  significantly  higher 
than  in  the  minimal  salt  solution  (9,1  lg  PFU/ml). 

A  visual  representation  of  the  duration  of  the  effective  production 
of  VEE  virus  in  medium  No.  199  with  2%  bovine  serum  or  0,1%  of  hydrolysate 
lactalbumin  gives  the  results  of  determination  of  the  infection  activity  of 
the  virus  in  cultures  with  change  (full)  every  2U  hours  of  the  culture 
liquid  after  a  three-fold  careful  washing  of  the  cells.  The  results 
shown  in  table  1,  bear  witness  that  on  the  second  and  third  2h  hour 
period  after  infection,  the  speed  of  virus  inactivation  becomes  equal  to 
the  speed  of  production  of  active  virus  particles,  or  exceeds  it.  Some 
exceeding  in  the  separate  samples,  of  the  experiment  figure  in  comparison 
with  the  control,  was  caused  apparently  by  removal  of  the  cell  detritus, 
of  the  interferon,  of  the  acidic  and  toxic  products  ,  or  by  the  stimulating 
influence  of  the  medium  change  on  the  cell  metabolism. 

Influence  of  thermostabilizing  additives  on  production  of  the  VEE 
virus.  In  sketch  3  is  shown  the  inactivation  of  the  VEE  virus  at  37 
degrees  in  mediums  of  various  composition.  The  most  unstable  virus  is 
in  Earle's  solution  with  0,22%  of  sodium  bicarbonate;  the  most  stable  is 
in  medium  No.  199  with  2%  of  bovine  serum  or  0,1%  of  hydrolysate  lactalbu¬ 
min.  The  productivity  of  cell  cultures,  determined  by  harvesting  the 
virus  in  2ii  hours  after  infection,  changed  in  dependence  on  the  composi¬ 
tion  of  the  medium  of  accumulation  and  proportionally  to  the  thermostabiliz¬ 
ing  properties  of  these  mediums  (table  2). 
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High-molecular  additives  exerted  various  influences  on  the  sta¬ 
bility  of  the  VEE  virus*  In  sketch  li  is  shown  virus  inactivation  in 
a  medium  No.  199  with  25?  bovine  serum  and  in  Earle's  solution  with 
0,2256  NaHCOi  in  the  presence  of  0,025?  crystalline  bovine  albumin  and  0,15? 
carboxymetilcellulose.  This  last  did  not  heighten  the  virus  stability  much, 
during  the  time  that  the  bovine  albumin  stabilized  tho  infection  activity 
of  the  virus  almost  to  the  level  caused  by  the  presence  of  bovine  serum* 

A  0,025?  concentration  of  bovine  albumin  turned  out  to  be  most  effective 
(sketch  5, a)  for  insuring  a  high  production  of  virus  in  cell  cultures;  a 
further  heightening  ofthe  content,  the  same  as  increasing  the  content  of 
bovine  serum  to  more  than  2  -  £5?  (sketch  5  b),  led  to  a  steady  decrease 
in  virus  output*  The  optimal  concentration  of  carboxymetilcellulose 
during  which  the  virus  harvest  increased  by  0,2  -  r\3  lg,  was  0,15?* 

For  finding  the  influence  of  bovine  serum  on  the  thermostability 
of  the  virus  produced  in  medium  No.  199  without  serum,  we  determined 
the  level  of  inactivation  of  the  VEE  virus  at  various  temperatures* 

For  incubation  at  studied  temperature  levels  we  took  a  virus  grown  in 
medium  No.  199  without  bovine  serum,  to  which  we  added  2%  bovine  serum 
immediately  before  beginning  to  Jieat  it.  As  a  control,  we  used  a  virus 
grown  in  IKE  cells  in  medium  No.  199  with  25?  bovine  serum.  The  results 
of  the  experiments  are  shown  in  table  3.  Both  the  populations  of  virus 
particles  at  the  studied  temperatures  became  inactive  with  identical 
speed. 


The  thermostabilizing  influence  of  salt  additives.  At  37  degrees 
we  studied  the  inactivation  of  the  VEE  virus  in  medium  No.  199,  containing 
bovine  serum,  and  with  the  addition  of  a  corresponding  12,5  and  55?  of 
magnesium  sulfate  and  calcium  chloride*  If  105?  MgCl2  hastened  virus 
inactivation  (sketch  6),  then  the  addition  to  virus-containing  medium  No*  199 
without  serum  of  calcium  chloride  or  magnesium  sulfate  heightened  the 
virus  stability  to  the  level  which  was  determined  in  the  presence  of 
25?  bovine  serum*  The  simultaneous  addition  of  bovine  serum  and  salts 
of  two-valence  kations  led  to  a  summation  of  the  stabilizing  effect* 

Taking  into  account  this  circumstance,  the  attempt  was  made  to 
receive  a  higher  virus  VEE  harvest  by.  addingVto  the  accumulation  medium 
various  concentrations  of  magnesium  sulfate.  However,  beginning  with 
a  1  -  2%  concentration,  the  titers  of  the  virus  in  the  accumulation 
medium  decreased  in  comparison  with  the  control,  proportionally  to  the 
concentration  of  magnesium  sulfate  which  can  be  explained  in  all  its 
forms  by  the  toxic  action  of  salt  on  the  cells. 

Discussion.  Although  IKE  cells  in  minimal  maintainance  mediums  can 
produce  a  sufficiently  high  virus  titer  (VEE),  a  detailed  study  of  the 
production  speed  and  the  general  virus  harvest  shows  that  virus-producing 
capabilities  of  the  cell3  in  these  conditions  is  decreased.  On  the 
other  hand,  in  mediums  which  are  rich  in  nourishment  substances,  the  virus 
production  in  one  cell  exceeds  10,000  PFU.  As  a  result  of  the  thermo¬ 
inactivation  in  virus -containing  liquids,  there  accumulates,  besides 
infectious  virus,  a  significant  quantity  of  inactivated,  non-infectious 
virus  particles.  Die  difference  in  the  durations  of  the  period  of  virus 
production  explains  the  fact  that  the  difference  in  the  maximal  virus 
titers  in  medium  No*  199  with  25?  bovine  serum  and  in  Earle 's  solution 
with  225?  NaHCOo  (igmax  W8/ral  No.  199+25?  bovine  serum  -  lgmax  FFU/ml 
Earle 's  4  0,22%  soda sr 0,65)  is  much  less  than  the  difference  in  production 
of  PFU  in  a  cell  in  these  culture  mediums  (lg  PFU/cell  No.  199  +■  2%  bovine 


serum  -  lg  PFU/cell  Earle's  +  0,22%  soda=l,2).  Virus  production  cal¬ 
culated  on  one  cell  in  the  order  of  10*4  FFU  was  noted  in  a  series  of  cases 
for  several  arboviruses  -  the  Sindbis  viruses  (11)  and  the  Semlik  forest 
virus  (13)*  In  this  way  in  principle,  a  collection  is  possible  of 
high  virus  yields  during  creation  of  optimal  conditions  of  cultivation* 

One  of  the  factors  insuring  a  high  virus  hield  is  the  presence  in 
the  culture  medium  of  thermostabilizing  additives  (see  sketch  3,  table  2). 
However  the  action  of  these  substances  is  manysided.  The  presence  of 
bovine  serum  does  not  exert  influence  on  the  production  of  more  or  less 
thermostable  viruses.  Its  stabilizing  action  appears  later  -  in  virus  - 
containing  suspensions.  From  the  other  side,  the  removal  of  bovine 
serum  leads  to  some  decrease  in  the  activity  of  the  received  vinis -con¬ 
taining  suspensions,  probably  as  a  result  of  the  action  of  thermostable 
inhibitors  contained  in  it  (2).  As  a  whole,  the  optimal  contents  in  the 
a  ccumulation  medium  of  bovine  serum  is  somewhat  lower  than  the  most 
favorable  content  for  growth  and  life  maintainance  in  IKE  cells  (l)* 

In  other  equal  conditions  the  best  action  is  exerted  by  substances 
having  to  some  degree  or  other  an  expressed  biological  affinity  to 
the  surface  structure  of  cells  and  viruses.  This  is  well  demonstrated 
with  a  comparison  of  the  influence  of  bovine  albumin  and  carboxymetil- 
cellulose,  the  favorable  activity  of  which  is  well  known  -  activity,  on 
the  cell  surface  in  non-serum  mediums  (8,  9)*  Yielding  in  effectiveness 
of  activity  to  crystalline  bovine  albumin  and  in  still  greater  degree  to 
bovine  serum  and  not  exerting  practical  stabilizing  influence  on  the 
thermoinactivation  of  viruses,  carboxymetilcellulose  somewhat  increases 
the  virus  production  as  compared  with  the  control,  favorably  acting  on 
the  cells. 

The  stimulating  action  of  high-molecular  additives  was  realized 
in  several  ways  -  because  of  heightening  of  the  cell  productivity,  the 
increase  of  the  period  of  active  virus  production,  and  as  a  result  of  their 
defensive  activity  on  the  surface  of  the  cells  and  of  the  free  viruses* 

Absence  of  increased  output  of  the  viruses  during  addition  of 
magnesium  sulfate  is  explained  apparently,  by  reasons  of  a  twofold  nature* 
The  known  thermstabilizing  influence  of  cations  on  a  series  of  viruses 
(10,  lit),  including  the  VEE  virus  (6),  concerns  the  protein  type  of 
inactivation  (3),  which  at  37  degrees  does  not  always  appear,  and  as  a 
rule  does  not  appear  earlier  than  Ii8  -  ?2  hours  (see  sketch  6).  In  ad¬ 
dition,  concentrations  of  magnesium  sulfate  are  effective  for  the  thermo- 
ata  bilization  of  virions,  and  exert  a  definitely  toxic  influence  on 
TKE  cells. 
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Sketch  1.  Calibrated  graph  of  the  dynamic  of  thermo¬ 
inactivity  of  the  VEE  virus  at  37  degrees 
in  No.  199  medium  with  2$  bovine  serum  (l) 
and  in  Earle's  solution  with  0,2256  sodium 
bicarbonate  (2). 


Sketch  2.  Infectious  activity  (1),  production  speed  (2)  and  general 
production  of  the  VEE  virus  (3)  in  a  TKE  culture  in  No. 
199  medium  with  2%  bovine  serum  (a)  and  in  Earle's  solu¬ 
tion  with  0,22$  sodium  bicarbonate  (b). 


Table  1.  Accumulation  of  the  VEE  virus  in  conditions  of  change  of  the  medium 
every  2h  hours  (in  lg  PFij/ml), 


Experiment  conditions 

No.  199  medium  with  2%  bovine  serum 
with  a  change  of  medium  in  2li  hours 
The  same  without  a  medium  change 
No.  199  medium  with  0,1$  hydrolysate 
lactalbumin  with  a  medium  change 
in  2k  hours 

The  same  without  a  medium  change 


2ii  hours 

hd  hours 

72  hours 
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8,3 
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Sketch  3. 


Sketch  U* 


Inactivation  of  the  VEE  vims  at  37  degrees  in  No.  199  medium 
with  2$  bovine  serum  (i),  1$  hydrolysate  lactalhumin  (2), 

1  $  genati'i  (3'»  in  medium  No.  199  without  additives  (li), 
in  Earle's  solution  with  0,22$  sodium  bicarbonate  (^). 

Inactivation  of  VEE  virus  at  37  degrees  in  No.  199  medium  with 
0,02$  bovine  albumin  (l)  or  0,1$  carboxymetilcellulose  (2) 
and  in  Earle's  solution  with  0,22$  sodium  bicarbonate  with  0,02$ 
bovine  albumin  (3)  or  0,1$  carboxymetilcellulose  (l*). 


<3.  y. 


Table  2.  VEE  virus  harvest  in  mediums  of  various  compositions  (statistics  are 
the  average  results  of  9  parallel  experiments) 


Composition  of  the  Earle's  solution  No.  199 
growth  medium  w.O,’22$  sodium  medium 

bicarbonate 


No.  199  No.  199  No.  199  mediti 

medium  &  medium  w.  w.  2%  bovine 

156  gelatin  0,1*  hydro-  serum 
lysate  lact- 
albumin 


VEE  virus  pro¬ 
duction  in  2li  8,9  9*0  8,9  9,2  9,3 

hours  (in  lg  PFU/ml) 

Table  3.  Inactivation  in  No.  199  medium  with  2%  bovine  serum  of  the  VEE  virus, 
grown  in  the  presence  of  bovine  serum  and  without  it. 

Heating  temp-  Heating  time  Fall  in  virus  acti-  Fall  in  the  activity 

erature  in  de-  (in  minutes)  vity,  grown  in  pre-  of  virus  grown  with- 

grees  sence  of  bovine  out  bovine  serum 

*'  serum  (in  lg  PFU/ml)  (in  lg  PFU/ml) 
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Sketch  9.  Maximal  activity  of  the  VEE  virus  in  a  culture  medium  No.  199 
depending  on  the  content  of  albumin  (a)  or. bovine  serum  (b) 
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Sketch  6< 


Inactivation  of  the  VEE  virus  in  No.  199  medium  with  various 
additives:  2%  bovine  serum  and  12,9^  sulfate  of  manganese  (l), 

2%  bovine  serum  and  $%  calcium  chloride  (2),  calcium  chloride 
(3),  12,95?  sulfate  of  magnesium  (lj),  2%  bovine  serum  (9),  2% 
bovine  3erum  and  10$  manganese  chloride  (6). 


